INTRODUCTION
The thermally dimorphic fungus Blastomyces dermatitidis causes blastomycosis, one of the mycoses that is endemic in North America. This illness previously was called Gilchrist's disease in honor of the man who first recognized it in Baltimore, MD, in 1894 (51) . Early descriptions emphasized the cutaneous manifestations, so blastomycosis was considered primarily a localized dermatologic condition rather than a systemic infection. Initially, Gilchrist mistakenly attributed the infection to a protozoan microorganism, but later he and Stokes identified the causative fungus (52) . Blastomycosis has been known as North American blastomycosis in order to distinguish it from South American blastomycosis (paracoccidioidomycosis), but this terminology was abandoned upon the realization that blastomycosis is not restricted to North America. Chicago disease is another obsolete synonym for it.
B. dermatitidis, the asexual (imperfect) form of Ajellomyces dermatitidis, exists as a mold in nature and when grown in the laboratory at room temperature. Conidia become airborne when mycelia are disturbed. Humans inhale conidia into the alveoli, where the conidia undergo transition to yeasts, the forms that are seen in mammalian tissue and in cultures at 37°C. The transition from the mycelial phase to the yeast phase is associated with a heat-related partial uncoupling of oxidative phosphorylation (82) .
The clinical manifestations of infection with B. dermatitidis are protean, and blastomycosis may mimic other, more common diseases. The greatest challenge in making the diagnosis of blastomycosis is considering it in the first place. Although the disease can be fatal, most patients are cured with antifungal therapy.
This review focuses on the clinical, diagnostic, and therapeutic aspects of blastomycosis.
EPIDEMIOLOGY AND ECOLOGY OF B. DERMATITIDIS
The epidemiology of blastomycosis is described less thoroughly than the epidemiologies of the other endemic mycoses of North America, coccidioidomycosis and histoplasmosis. The absence of sensitive and specific serologic assays and the use of inadequate skin test reagents have hindered efforts to fully define the epidemiology of blastomycosis, the understanding of which is based primarily upon case series. Perhaps more importantly, B. dermatitidis has been isolated only infrequently from environmental sources, and thus the ecology of B. dermatitidis remains incompletely understood.
Blastomycosis is predominantly a disease of North America. It is endemic in southern and southeastern states that border the Ohio River and Mississippi River valleys of the United States, as well as in Midwestern states and Canadian provinces that border the Great Lakes and the Saint Lawrence Riverway. Historically, most reported cases occurred in Arkansas, Kentucky, Mississippi, North Carolina, Tennessee, Louisiana, Illinois, and Wisconsin (19) . Areas in which the disease is hyperendemic exist in north-central Wisconsin and the northern region of Ontario, Canada (9, 85) . In Vilas County in northcentral Wisconsin, where the annual incidence is 40 cases/ 100,000 people, residence near a waterway is associated with an increased risk of blastomycosis (9) . In this study, one-third of patients who owned a dog reported that at least one of their dogs was diagnosed with blastomycosis, usually during the 6 months before symptoms began in the human cases, reinforcing the concept that canine blastomycosis can be a harbinger of disease in humans, as had been described earlier (108) . In urban Milwaukee County in southeastern Wisconsin, where the incidence of blastomycosis is much less than the disease incidence in rural areas, cases occur predominantly among people who live in watershed areas with open waterways (10) .
The incidence of blastomycosis appears to be increasing in some areas. For example, in Illinois, where blastomycosis is a reportable disease, 94 cases were reported to the Illinois Department of Public Health in 2004 (12) . Between 1993 and 2003, a total of 500 cases were reported, with the majority of cases coming from the northeastern part of the state (44) . In almost half of these cases, symptoms first appeared between January and April (44) . Cold weather seasonality in Wisconsin, Manitoba (Canada), and Ontario has been described as well (9, 36, 85) . In Ontario, 309 cases were reported between 1994 and 2003, with the majority being recognized from 2001 to 2003 (85) . Blastomycosis is being reported more frequently in Missouri, particularly in southeastern Mississippi County, where the incidence was 12 cases/100,000 people, with higher rates among African-Americans, from 1992 to 1999 (24) . Outside the traditionally recognized areas of disease endemicity, two male coworkers developed blastomycosis, presumably as a consequence of exposure to contaminated soil during their work on a prairie dog relocation project on the eastern slope of the Rocky Mountains in Colorado (37) .
Data from the 2002 Nationwide Inpatient Sample show that 703 adults and children with blastomycosis were hospitalized in U.S. hospitals in 2002 (30) . The majority of hospitalizations occurred in the Midwest and the South (6.07 cases/1 million people and 3.10 cases/1 million people, respectively) (30) . All of the epidemiology described above is based on the recognition and reporting of symptomatic cases. Unlike Histoplasma capsulatum, for which skin testing reliably provided a clear picture of the prevalence and geographic distribution of human exposure, including that which is asymptomatic, knowledge regarding the epidemiology of sporadic, asymptomatic infection with B. dermatitidis is lacking. One study that used an antigen-specific lymphocyte stimulation assay identified positive responses in 30% of forestry workers in northern Minnesota and northern Wisconsin (118) .
Authentic, autochthonous cases of blastomycosis also occur in widely dispersed regions of Africa, with the greatest number originating from southern Africa, specifically South Africa and Zimbabwe (6, 48) . Autochthonous infections have also been acquired in India (38) . When blastomycosis occurs in patients residing in parts of the world where B. dermatitidis is not thought to exist, three scenarios should be considered. First, physicians who are not familiar with the disease might be wrong about the diagnosis. Second, B. dermatitidis can be transferred via fomites from an area where it exists in nature to an area where it is not endemic, where infection may then occur. Lastly, disease can be due to endogenous reactivation after a person has moved from an area of endemicity to an area of nonendemicity (38) .
Although the majority of cases are sporadic or endemic, epidemics of blastomycosis associated with exposure to a common outdoor source are documented, the most important of which, in terms of understanding the ecology of B. dermatitidis, occurred in Wisconsin in 1984 (64) . Klein and colleagues were the first investigators to isolate B. dermatitidis from the soil in conjunction with a human outbreak, which involved 48 cases of blastomycosis among schoolchildren and adults who had visited a beaver dam in Eagle River, WI, in southeastern Vilas County (64) . During investigation of another epidemic, this group again isolated the fungus from environmental sources (66) . It is noteworthy that a subsequent study that examined a geographically diverse collection of B. dermatitidis isolates with a typing system based on PCR found that the soil isolates from Eagle River were different from the strains that caused the majority of cases (81) . Nevertheless, evidence suggests that the ecological niche for B. dermatitidis is wet earth that has been enriched with animal droppings, rotting wood, and other decaying vegetable matter.
Disruption of wet soil or organic matter containing microfoci of B. dermatitidis mycelia releases infectious conidia, which are subsequently inhaled by a susceptible host. By far, the most significant route of transmission for B. dermatitidis is inhalation of airborne conidia. Less commonly, direct cutaneous inoculation via a penetrating outdoor injury, a laboratory accident, or even the bite of an infected dog occurs (54) . B. dermatitidis is not transmitted from animals to humans otherwise. Shared environmental exposures explain the occurrence of disease in humans and their canine companions (108) . Outside of rare instances of conjugal and intrauterine transmission (35, 119) , B. dermatitidis is not transmitted from person to person, and therefore, blastomycosis is generally not contagious.
Among endemic cases, the typical American patient with blastomycosis is a middle-aged man who participates in outdoor recreational or occupational activities (18) . As with the epidemics mentioned previously, endemic cases often involve exposures that occur in close proximity to bodies of freshwater. It is unclear whether this association represents a true causal link with regard to transmission risk or whether it is simply that many popular outdoor activities involve water (15) . Residence near an open body of water in an area of endemicity may be at least as important a risk factor as occupational exposure (9, 10) .
Of the 135 patients referred to the University of Arkansas for Medical Sciences in Little Rock, AR, for treatment of blastomycosis between 1982 and 1994, 78 (58%) were men (19) . This is similar to more-recent data from Manitoba and Ontario (36, 85) . The fact that men are more likely than women to participate in activities that are associated with exposure to B. dermatitidis (e.g., hunting, fishing, or forestry work) best explains the predominance of adult males having this disease. In addition, epidemiological data derived from blastomycosis studies performed in Veterans Administration (VA) hospitals, which serve a predominantly male population, skew the male-to-female ratio (11a). Blastomycosis is uncommon among children and adolescents; a retrospective review from 1983 to 1995 identified only 10 cases that were treated in Little Rock, AR (110) . The racial distribution of blastomycosis in case series generally reflects the racial composition of the region from which the cases were collected, although in some regions, certain races have a higher incidence of disease, such as aboriginal people in Manitoba (36) and African-Americans in southeastern Missouri (24) . One plausible explanation is that these groups have greater environmental exposures to B. dermatitidis.
In summary, sex, age, and race do not appear to affect directly the susceptibility to blastomycosis, but rather these factors represent variables that influence the likelihood of exposure to B. dermatitidis in the environment. The observation that women and children are as likely as men to be infected during an epidemic supports this conclusion.
PATHOGENESIS AND PATHOLOGY
In the lung, the phagocytic actions of alveolar macrophages, neutrophils, and monocytes provide natural resistance to infection with conidia of B. dermatitidis (41) . In addition, alveolar macrophages have been shown to inhibit the transformation of conidia to the pathogenic yeast form (113) . This is an important step in terms of pathogenesis, because the yeast form, which possesses a thick capsule, is very difficult for phagocytes to ingest and kill. Polymorphonuclear leukocytes, which handle inhaled conidia better than macrophages, are relatively ineffective against yeast forms (67) . Proliferation of yeast forms in the alveoli signals the failure of natural resistance to B. dermatitidis.
If host responses in the lung fail to contain the infection, lymphohematogenous dissemination follows, with foci of infection potentially spreading to any organ system. In decreasing order of frequency, the skin, bones, and male genitourinary system are the most common sites of extrapulmonary disease. With the development of immunity, a pyogranulomatous response ensues at the initial site of pulmonary infection and at any sites of distant spread. Formation of noncaseating granulomas follows an initial suppurative response (107) . Even if the pulmonary focus resolves initially, later endogenous reactivation of disease at any pulmonary or extrapulmonary site can occur, with or without previous therapy (70, 103) .
Cell-mediated immunity is thought to be ultimately important in preventing progressive blastomycosis. However, the absence of a reliable skin test antigen has made assessment of delayed-type hypersensitivity (DTH) difficult. Much of what is known about cellular immune responses to B. dermatitidis is derived from animal models, in vitro correlates of DTH, and the assumption that host responses to B. dermatitidis are similar to those that H. capsulatum and Coccidioides species elicit (16, 67) . In addition, the pyogranulomatous response seen during blastomycosis and the presence of yeast cells inside or in contact with monocytes, macrophages, and giant cells suggest an important cellular immune response (16) . Humoral immune responses do not play a significant role in host defense against B. dermatitidis.
CLINICAL MANIFESTATIONS
The consequences of infection with B. dermatitidis are variable and range from subclinical infection to fatal disseminated disease. Symptoms of acute blastomycosis include an influenzalike illness with fever, cough, myalgia, arthralgia, and pleurisy (109) . Cases in which acute pneumonia resolves spontaneously are documented (64, 103, 109) . Without treatment, the prognosis is grave when infection spreads beyond the lungs; the case fatality rate for disseminated blastomycosis was 78% prior to the availability of specific antifungal therapy (79) . Among ill patients, constitutional symptoms such as weight loss, malaise, and fatigue are common but are too nonspecific to be helpful diagnostically (16) . Forty-seven percent of patients seen in Little Rock had extrapulmonary disease, and 53% had only pulmonary involvement (19) . In other series, disease was limited to the lungs in about 75% of cases (9, 26) . Most patients with osseous, genitourinary, or central nervous system (CNS) sites of disease also have active pulmonary or cutaneous involvement.
Pulmonary Blastomycosis
The majority of patients with blastomycosis, whether symptomatic or not, have an alveolar or mass-like infiltrate on chest radiography ( Fig. 1) (14) . The specific location of the infiltrate is not particularly helpful diagnostically, although the upper lobes may be involved most often (98) . Mass lesions mimic malignancy, so physicians in areas of endemicity must include blastomycosis in the initial differential diagnosis for a patient with presumed lung cancer. Reticulonodular and miliary radiographic patterns and solitary nodules are seen less often than alveolar and mass-like infiltrates. Cavitation of the lung parenchyma is uncommon relative to that seen with tuberculosis, histoplasmosis, and coccidioidomycosis. Although small pleural effusions may be present, massive effusions are uncommon (14) .
Pulmonary blastomycosis presents clinically as acute pneumonia, chronic pneumonia, or an asymptomatic radiographic abnormality. Fever, chills, and productive cough, with or with-VOL. 23, 2010 BLASTOMYCOSIS 369
on October 26, 2017 by guest http://cmr.asm.org/ out hemoptysis, characterize acute pneumonia. This syndrome is indistinguishable from acute bacterial community-acquired pneumonia, and many patients receive antibacterial medications before the diagnosis of blastomycosis is considered (16) . Among the subset of patients with acute pulmonary blastomycosis whose disease is self-limited, clinical improvement and resolution of pneumonia may be attributed mistakenly to effective antibacterial therapy. A 2-to 6-month illness with weight loss, fever, night sweats, cough with sputum, and chest pain typifies chronic pneumonia (16) . Mass-like pulmonary infiltrates may be more common in patients with chronic pneumonia (98) . This illness may be misdiagnosed as pulmonary tuberculosis, chronic pulmonary histoplasmosis, or malignancy.
Miliary blastomycosis or endobronchial spread of infection can cause the adult respiratory distress syndrome (ARDS) with diffuse bilateral pulmonary infiltrates and noncardiogenic pulmonary edema (3, 71, 83) . ARDS caused by pulmonary blastomycosis is associated with high mortality (83) . In a series from Mississippi, 9 (ϳ8%) of 107 patients with pulmonary blastomycosis had ARDS, and 7 (78%) of this number died of respiratory failure over a median course of about a week (71) .
Extrapulmonary Blastomycosis
Cutaneous. Skin involvement has been reported in 40% to 80% of cases (1, 11a, 23, 28, 43, 76, 121) . The cutaneous manifestations of blastomycosis come in two forms, verrucous and ulcerative. Verrucous skin lesions, which lie above subcutaneous abscesses, are raised and crusted with an irregular shape and sharp borders (Fig. 2) . The gross appearance of these lesions can mimic basal cell cancer, squamous cell cancer, and giant keratoacanthoma (17) . Histologically, there is papillomatosis with downward proliferation of the epidermis and formation of microabscesses (111) . The presence of pseudoepitheliomatous hyperplasia and acanthosis (hyperplasia and diffuse thickening of the stratum spinosum of the epidermis) can be misleading, so it is important to look for yeast forms in biopsy specimens with a special stain, such as Grocott-Gomori methenamine silver nitrate (GMS) (16) . A cutaneous ulcer occurs when a subcutaneous abscess drains out through the skin ( Fig. 3  and 4 ). These ulcers have heaped-up borders with or without an exudative base. Microabscesses are present, even in lesions without overt clinical evidence of inflammation. Although less common than with disseminated histoplasmosis, mucosal lesions of the nose, mouth, or larynx can occur (112) . Verrucous lesions of the pharynx may be confused with squamous cell cancer.
Osseous. After the lungs and skin, bone is the third most common site of disease. Among patients with blastomycosis described in case series, the prevalence of bone disease ranges from approximately 6% to 48% (1, 11a, 23, 28, 43, 76, 121) . On average, osteomyelitis is present in approximately 25% of cases with extrapulmonary manifestations (16) . About 75% of patients with osseous blastomycosis have pulmonary disease at the time of presentation (50) . Although essentially any bone can be involved, the vertebrae, ribs, skull, and long bones are affected most commonly (8, 32, 50, 121) . Radiographically, osteomyelitis can appear as a clearly demarcated osteolytic lesion without periosteal involvement or as a diffuse, destructive process with periosteal new bone formation ( an adjacent joint, causing purulent arthritis (106) . Extension into the soft tissues causes a painful subcutaneous abscess with draining sinuses. Vertebral osteomyelitis due to blastomycosis most often affects the lower thoracic and lumbar regions of the spine although cervical, upper thoracic, and sacral involvement has been reported (90, 105) . Extension of infection from the spine, causing paravertebral or psoas abscess, is a frequent complication (8, 90, 121) . All 8 patients with vertebral blastomycosis in one report had evidence of contiguous abscesses (105) . As these abscesses track through soft tissues, subcutaneous masses can appear at any spinal level, in the flank, or in the thigh when a psoas abscess extends beneath the inguinal ligament. These purulent subcutaneous collections often drain through the skin, causing a chronic, discharging sinus or ulcer. Genitourinary. Involvement of the genitourinary system is recognized in 10% to 30% of cases (1, 11a, 23, 28, 43, 76, 121) . Because men are more likely than women to have extrapulmonary blastomycosis, the most common genitourinary sites of disease are the prostate, the testicle, and the epididymis (107, 121) . Epididymo-orchitis causes swelling and pain, and prostatitis is associated with dysuria and symptoms of obstruction. Prostatic massage prior to collection of urine may enhance the yield of urine culture (60) . Reported cases of female genitourinary blastomycosis include endometrial infection that occurred via transmission from a man with cutaneous blastomycosis of the penis (46) and tubo-ovarian abscess that occurred in the setting of reactivation disease (88) . Peritoneal seeding with ascites may accompany tubo-ovarian abscess (87) . Central nervous system. CNS infection, in the form of meningitis or mass lesions, is apparent in 5% to 10% of cases of disseminated blastomycosis (68, 104) . Central diabetes insipidus has occurred in patients with blastomycosis (62) . Pituitary involvement in conjunction with chronic meningitis, chronic pneumonia, and genitourinary infection resembles tuberculosis (86) . The cerebrospinal fluid white cell differential may show neutrophilic predominance in patients with meningitis (57) . Making the diagnosis of CNS blastomycosis is challenging; for example, in one series of patients with meningitis, culture of cerebrospinal fluid obtained via lumbar puncture yielded the diagnosis for only 2 of 22 patients (68) . More-invasive procedures, such as brain biopsy and ventricular tap, are more likely to provide sufficient material for diagnosis (68, 104) . It is important to look for more-accessible sites of disease, such as the skin or lung, from which to obtain specimens for microscopic examination and culture.
Other sites of disease. B. dermatitidis can disseminate to virtually any organ system. As already mentioned, subcutaneous abscesses present as masses growing from deeper foci (Fig.  6) . Involvement of the reticuloendothelial system with lymphadenopathy or abscesses in the liver or spleen is well documented (1, 11a, 28, 121) . Other uncommonly affected sites include the eye (78), the middle ear (61), the paranasal sinuses (123) , breast tissue (47), the myocardium, the pericardium, and the gastrointestinal tract, as well as the thyroid and adrenal glands (17) .
Blastomycosis in Immunocompromised Patients
Unlike H. capsulatum, Coccidioides immitis/C. posadasii, Cryptococcus neoformans, and other opportunistic fungal pathogens, B. dermatitidis appears no more likely to cause disease in a person with compromised cellular immunity than to cause disease in a normal host. The presence of natural defenses against inhaled conidia in the lung may explain this observation. When blastomycosis does occur in immunocompromised patients, the disease is more aggressive than in immunocompetent hosts (95) . In one series, 30% of patients died of blastomycosis, and disseminated disease and involvement of the CNS were relatively common (95) . Among patients with AIDS, blastomycosis tends to be a severe illness with widespread dissemination, often including the CNS, and is associated with a high rate of early mortality (94, 122) . Miliary disease has occurred in the setting of HIV infection (59).
DIAGNOSIS
No clinical or radiographic abnormalities are absolutely diagnostic of blastomycosis. The spectrum of disease that B. dermatitidis causes overlaps with those of other fungal pathogens and malignancy, and the clinical picture may be indistinguishable from tuberculosis. Therefore, visualization of characteristic yeast forms or growth of the fungus in culture is necessary to diagnose blastomycosis definitively.
Culture
Various specimens may be submitted for culture diagnosis of blastomycosis, based on the clinical manifestations (Table 1) . For cutaneous lesions, it is important to obtain the specimen from the active, leading edge, and biopsy specimens should include the full thickness of the lesion, if possible.
For most specimens, direct examination should be performed in addition to culture. The presence of characteristic yeast cells (described in detail in the "Histopathology/Cytopathology" section) allows a rapid diagnosis; however, because direct examination is less sensitive than culture, a negative result does not exclude the possibility of blastomycosis. A wet preparation is the simplest method for direct examination; however, yeast cells may be difficult to find in specimens that contain distracting tissue debris and cells, such as sputum and skin scrapings. Techniques that enhance visibility of fungal elements include use of a potassium hydroxide (KOH) solu- Culture, using a variety of media, currently is the most sensitive method for diagnosis of blastomycosis. All specimens should be inoculated into a general-purpose growth medium, such as Sabouraud dextrose agar, potato dextrose agar, potato flake agar, or inhibitory mold agar. For specimens that are likely to be contaminated with saprophytic fungi and/or bacteria, both a nonselective growth medium and a selective medium containing cycloheximide to inhibit saprophytic fungi and antibacterial agents should be inoculated. For tissue specimens, adding an enriched medium like brain heart infusion agar with blood and supplemented with antibacterial agents is recommended. All plates are incubated at 25 to 30°C for 4 to 6 weeks.
Growth of B. dermatitidis generally is apparent on fungal isolation media in 5 to 10 days; however, if there are few organisms in the specimen, colonies may not appear for 30 days. Colonies initially are white to off-white and glabrous or waxy in appearance, becoming gray to brown as aerial hyphae develop with age. Microscopically, the mold form of B. dermatitidis is characterized by delicate, septate hyphae, 1 to 2 m in diameter, and most important diagnostically, oval or pyriform single-celled conidia, 2 to 4 m in diameter, found singly at the tips of short or long conidiophores, resembling lollipops. The presence of "lollipops," however, is not diagnostic of B. dermatitidis. Other molds (e.g., Pseudallescheria boydii and Chrysosporium spp.) have a similar appearance; therefore, identification requires additional testing. P. boydii and many Chrysosporium spp. do not grow on media containing cycloheximide, whereas B. dermatitidis does. Additionally, Chrysosporium generally does not grow at 37°C, but B. dermatitidis will (ultimately as a yeast). Although these are useful features, confirmatory testing is necessary.
The test most commonly used to confirm an identification of B. dermatitidis is the commercially available chemiluminescent DNA probe (AccuProbe; GenProbe Inc., San Diego, CA). This test provides results within hours once there is sufficient growth, but it has limitations. It produces a positive result with all Paracoccidioides brasiliensis isolates, but in most cases, this is not problematic. Paracoccidioidomycosis occurs almost exclusively in South America and Central America; it is extremely rare in the Northern Hemisphere. P. brasiliensis may be distinguished from B. dermatitidis based on the microscopic appearance of the yeast phase; however, conversion to the yeast phase may take weeks. The yeast phase of P. brasiliensis is characterized by multiple buds from a single thin-walled cell, whereas B. dermatitidis typically is a thick-walled yeast with a single broad-based bud. The probe also produces a positive result with Gymnascella hyalinospora and Emmonsia parva, both of which are infrequently isolated in the clinical laboratory and are rare human pathogens.
Other ways to confirm an identification of B. dermatitidis are conversion of the mold to the yeast form, which can be very time-consuming and therefore is done rarely in the clinical laboratory, and repetitive-sequence-based PCR, which is an option for laboratories that use the commercially available DiversiLab system (bioMerieux, Durham, NC) for bacterial strain typing (102) . Nucleic acid sequencing has been investigated (11) but remains infrequently used, although it may become a useful alternative method for fungal identification as databases become more reliable and commercial kits are more readily available.
Histopathology/Cytopathology
The characteristic host response to infection with B. dermatitidis is a mixed inflammatory reaction with clusters of polymorphonuclear leukocytes and granulomas, usually noncaseating, with epitheloid histiocytes and giant cells, primarily the foreign body type. Early in the infection, polymorphonuclear leukocytes predominate and organisms generally are found easily. As granulomas form, the number of organisms tends to decrease. In immunocompromised persons, many organisms are seen in tissue, with minimal or no surrounding inflammation, and in immunocompetent persons who develop rapidly progressive and fatal disease, the inflammatory response may consist only of neutrophils. Infection of the skin and mucosal surfaces is characterized by prominent pseudoepitheliomatous hyperplasia that histologically may resemble squamous cell carcinoma, with microabscess formation (Fig. 7) .
The classic appearance of B. dermatitidis in direct preparations of clinical specimens submitted to the microbiology laboratory, cytologic preparations (e.g., of sputum or material from fine needle aspirates), or sections of formalin-fixed and paraffin-embedded tissue is a round to oval, multinucleate yeast cell, 8 to 15 m in diameter, with a single broad-based bud (Fig. 8) . The yeasts have thick, refractile cell walls and are easily seen in tissue sections stained with hematoxylin and eosin (Fig. 9) . Other useful tissue stains are periodic acid-Schiff stain (PAS) (Fig. 10) , PAS with hematoxylin counterstain, and GMS, which provides excellent contrast (Fig. 11) . Organisms may be located intra-or extracellularly. 
Antibody Tests
Tests for detection of antibodies to B. dermatitidis have been commercially available for many years, but unfortunately, they are generally considered inadequate for diagnosis of blastomycosis. Complement fixation using yeast-phase antigens, which has been in use the longest, has the worst performance characteristics. Its sensitivity and specificity are too low (57% and 30%, respectively, in one study [117] ) to be of diagnostic value. In fact, data from one report showed that patients with cultureconfirmed blastomycosis were as likely to have complementfixing antibodies against histoplasmin as they were to have such antibodies against blastomycin (107) . Immunodiffusion using purified B. dermatitidis A antigen was introduced next and proved to be more sensitive and specific than complement fixation. A positive immunodiffusion result is specific for blastomycosis, but a negative test does not exclude the diagnosis, because the test sensitivity is 65% to 80% (63, 117) . Enzyme immunoassays, the most recently developed antibody detection tests, are more sensitive than immunodiffusion for diagnosis of blastomycosis but less specific (65) .
Antigen Detection
A test for detection of B. dermatitidis antigen in human specimens currently is offered by one reference laboratory in the United States. The performance characteristics of the assay have been studied predominantly with urine, although cerebrospinal fluid, bronchoalveolar lavage fluid, serum, and other sterile body fluids (except EDTA-separated plasma) also may be tested. In the largest published evaluation (42), antigen was detected in the urine of 92.9% of 42 patients with culture-or histologically proven blastomycosis, including 25 (89.3%) of 28 with disseminated disease and all 14 patients with pulmonary disease. However, in that study, assay specificity was a problem; B. dermatitidis antigen also was detected in the urine of 26 (96.3%) of 27 of patients with histoplasmosis, all 10 patients with paracoccidioidomycosis, and 7 (70%) of 10 patients with penicilliosis. A few case reports describing the usefulness of repeated antigen testing during therapy to monitor response have been published (84, 116) ; however, additional data are needed to confirm these results. The urine of patients with blastomycosis may contain cross-reactive or shared antigens with H. capsulatum var. capsulatum; in one study, 12 of 19 patients with blastomycosis tested positive with the H. capsulatum urine antigen assay (120) .
Although not an antigen test, detection of (133)-␤-D-glucan in serum has been shown to be a useful adjunct for diagnosis of invasive fungal infections, especially candidiasis, aspergillosis, and histoplasmosis (91, 92, 100) . In contrast, preliminary data suggest that the test is not of value with patients with blastomycosis. In a very small study of four patients with microbiologically proven B. dermatitidis infection, ␤-D-glucan was detected in only one patient, who had chronic disseminated disease with multiple skin lesions (53).
Nucleic Acid Amplification
There are no commercially available nucleic acid amplification tests for direct detection of B. dermatitidis in clinical specimens. Nested PCR using fixed tissue has shown promise (11) . Methods based on PCR have been useful in defining the molecular epidemiology of blastomycosis (81) .
Skin Tests
No skin test antigens for blastomycosis are commercially available. Many years ago, blastomycin, a crude mycelial filtrate, was investigated as a possible skin test antigen, but it proved to be neither sensitive nor specific. In two studies of patients with culture-confirmed blastomycosis, 59% and 100% of those evaluated were skin test negative (11a, 121).
Susceptibility Testing
Although standardized guidelines have been developed for in vitro susceptibility testing of certain fungi, such guidelines do not exist for the testing of dimorphic fungi.
TREATMENT Treatment Options
All patients with chronic pulmonary or disseminated extrapulmonary blastomycosis and all immunocompromised patients with blastomycosis should receive antifungal therapy. The site(s) of disease, the severity of illness, and the presence or absence of underlying immunosuppression influence the choice of antifungal drug and the duration of treatment. Other considerations include the potential for drug toxicity, possible drug-drug interactions, and pregnancy. Currently, in vitro antifungal susceptibility testing has no role in the selection of antifungal therapy for the treatment of infections due to dimorphic fungi due to lack of standardization and lack of knowledge regarding susceptibility breakpoints. As previously mentioned, acute blastomycosis may resolve spontaneously. However, it is common practice to treat patients with this diagnosis because effective, relatively safe oral antifungal drugs are available and because it is impossible to predict which patients with acute infection will spontaneously recover and which will develop extrapulmonary disease later. Patients with acute blastomycosis from whom therapy is withheld should be monitored closely for years. The drugs that are available for the treatment of blastomycosis are shown in Table 2 .
The Infectious Diseases Society of America (IDSA) has published clinical practice guidelines that are based upon open-label studies, case reports, and expert opinion (27) . There has never been a clinical trial to compare amphotericin B to azole therapy or one azole to another for the treatment of blastomycosis. The IDSA recommendations for treatment of various clinical forms of blastomycosis are shown in Table 3 .
Amphotericin B. In 1967, Abernathy published his experience that showed that a total dose of 1.0 to 2.0 g of amphotericin B cures most patients with blastomycosis (2). In a comparative trial performed a few years later, treatment was successful for 91% of patients who received amphotericin B, compared with 72% of patients who were treated with 2-hy-VOL. 23, 2010 BLASTOMYCOSIS 375
on October 26, 2017 by guest http://cmr.asm.org/ droxystilbamidine (23). Amphotericin B, whose efficacy was shown in this study, remains the gold standard against which all other regimens for the treatment of blastomycosis are compared (20). Relapse is rare for patients who have received at least 1.5 g. Despite proven efficacy and decades of experience with amphotericin B, use of this agent for the entire course of treatment of blastomycosis became a rarity once it was shown that orally administered, less-toxic azole antifungal drugs could be used to treat most patients, either as initial therapy or as step-down therapy after a short course of amphotericin B. Amphotericin B deoxycholate (henceforth, conventional amphotericin B) or a lipid amphotericin B product (henceforth, lipid amphotericin B) is the preferred initial drug for patients with blastomycosis who are severely ill, who have life-threatening disease, who have CNS involvement, or who are immunocompromised (27) . In addition, amphotericin B is the best option for patients whose disease progresses during azole therapy and for those who cannot take an azole. Adverse reactions are well known and include infusion-related side effects, decrease in glomerular filtration rate, hypokalemia, hypomagnesemia, and anemia. Pre-and postdose hydration with normal saline is useful for preventing or lessening the severity of nephrotoxicity (21) . Premedication with acetaminophen and diphenhydramine may abrogate infusion-related side effects, but there are no data to support the routine use of premedications (40) . Meperidine is used to treat rigors that can occur during infusion of amphotericin B.
Lipid amphotericin B can be used instead of conventional amphotericin B (27) . Although it is much more expensive, lipid amphotericin B is associated with fewer infusion-related side effects and is less likely to cause renal dysfunction than the conventional formulation. Many experts choose lipid amphotericin B for patients with underlying kidney disease and for those at increased risk of developing nephrotoxicity. However, support for its use in blastomycosis comes from animal models and anecdotal clinical experience (27, 29, 31, 34, 75, 93, 99) .
With the availability of less-toxic oral azoles, it has become standard practice to switch from amphotericin B to an azole after initial improvement or, in less-ill immunocompetent patients without CNS disease, to begin therapy with an azole instead of amphotericin B.
Azoles. Ketoconazole, itraconazole, fluconazole, voriconazole, and posaconazole are the azole antifungal drugs that are available for the treatment of blastomycosis. Ketoconazole was the first azole that was proven to be effective for the treatment of mild to moderate blastomycosis in immunocompetent patients (14, 89) . Itraconazole later replaced ketoconazole as the (18) . The usual dose is 200 mg once or twice per day; patients with disease that persists or progresses while on the once-daily dose should be treated with 200 mg twice per day. Optimal absorption of itraconazole capsules and ketoconazole requires gastric acidity, and these medications should be taken with food (33) . Medications that increase gastric pH such as antacids, histamine type II receptor blockers, and proton pump inhibitors should be avoided during therapy with either itraconazole capsules or ketoconazole. Itraconazole is also available as a solution at a concentration of 10 mg/ml; this formulation does not have to be taken with food, and gastric pH does not affect its absorption (77) . Because the itraconazole concentrations achieved in serum with the solution are higher than those achieved with capsules, the solution formulation is preferred (27) . Measured serum levels of itraconazole are quite variable even with the oral solution; for this reason, therapeutic drug monitoring, with the goal of maintaining serum levels between 1.0 and 10.0 g/ml, is recommended (27) . Measurement of serum itraconazole levels is unlikely to provide information that is clinically useful concerning patients whose disease manifestations, for example, a skin lesion or pulmonary opacity, are improving with therapy.
Fluconazole at a dose of 800 mg per day is an alternative for immunocompetent patients with mild to moderate blastomycosis who cannot absorb or tolerate itraconazole or to avoid drug-drug interactions (27) . In a pilot study, fluconazole at 200 to 400 mg per day achieved success for only 65% of 23 patients who took the drug for at least 6 months (96) . A later study used 400 to 800 mg per day, which was successful for 34 (87%) of 39 patients who took the drug for a median of about 9 months (97). Fluconazole penetrates well into the CNS and is absorbed well regardless of gastric pH (33) .
Voriconazole and posaconazole have activity against B. dermatitidis in vitro and in animal models (45, 74, 114, 115) . Anecdotal reports support the use of voriconazole as an alternative agent, particularly in the setting of CNS blastomycosis (7, 13, 64, 73, 93) .
All azole antifungal drugs can cause hepatic toxicity, which is most often in the form of asymptomatic elevation of aminotransferases. This occurs in up to 5% of patients who take itraconazole (33) . Clinically important hepatitis, which is rare, usually occurs during the first 2 months of treatment (33) . Hepatic aminotransferases should be checked at the baseline, after 2 to 4 weeks of therapy, and every 3 months thereafter (27) . Gastrointestinal upset, including nausea and vomiting, affects up to 10% of patients (33) . Diarrhea, due to the excipient used to solubilize the parent compound, can be sufficiently severe to force discontinuation of the solution formulation of itraconazole (4). Itraconazole has significantly less effect on mammalian steroidogenesis than ketoconazole; adrenal insufficiency, gynecomastia, decreased libido, impotence, and menstrual irregularities are associated with ketoconazole but not with itraconazole (33) . Like itraconazole, fluconazole has little effect on mammalian steroid synthesis. Through an unknown mechanism, itraconazole can cause a syndrome of hypertension, edema, and hypokalemia (4). The drug should be used with caution in patients with congestive heart failure.
All azoles also inhibit mammalian P-450 enzymes to some degree, forming the basis for numerous drug-drug interactions. Itraconazole is both an inhibitor and a substrate of the cytochrome P-450 enzyme system, in particular, the 3A4 isoform (CYP3A4). Administration of itraconazole with another CYP3A4 substrate increases the plasma concentration of the coadministered drug to levels that are potentially toxic. A number of different drugs increase the metabolism of itraconazole, lowering blood levels, which may cause treatment to fail. It is important to consider drug-drug interactions whenever azoles are prescribed to a patient who takes other medications.
Echinocandins. Caspofungin, micafungin, and anidulafungin possess, at best, intermediate activity against B. dermatitidis in vitro and should not be used to treat blastomycosis (45) .
Surgery. Antifungal therapy alone is effective for the vast majority of cases of blastomycosis. Occasionally, drainage of large abscesses, in conjunction with appropriate antifungal therapy, may be necessary for optimal management. Surgical intervention may be important in the management of brain abscess or epidural abscess when these foci cause neurologic deficits (27) . Debridement of bone is necessary only when osteomyelitis fails to respond to medical management; this is uncommon. Percutaneous, computed tomography (CT)-guided aspiration of soft tissue abscesses is an effective approach for the management of paraspinal abscess that may complicate vertebral blastomycosis (25, 105) .
Mild to Moderate Pulmonary and Extrapulmonary Blastomycosis
Standardized criteria by which the severity of blastomycosis can be determined do not exist. Clinical judgment must be applied on a case-by-case basis. Many patients with mild disease are treated in the outpatient setting. Preferred therapy consists of 200 mg itraconazole orally once or twice per day, although 200 mg is sometimes given thrice per day for 3 days to reach steady-state serum levels more quickly (27) . Serum itraconazole levels can be checked after 2 weeks of therapy. Fluconazole at a dose of 400 to 800 mg per day is a less-effective option for those patients who are unable to tolerate itraconazole or for whom drug-drug interactions preclude the use of itraconazole. The recommended duration of therapy with itraconazole is at least 6 to 12 months and 3 months beyond the resolution of all signs, symptoms, and radiographic abnormalities. Those with osteoarticular disease, which is more likely to relapse, should be treated for 12 months (27) .
Moderately Severe to Severe Pulmonary and Extrapulmonary Blastomycosis
Patients whose illness is so severe that they require admission to the hospital fall into this category. This includes patients with extensive pneumonia, multiorgan disease, respiratory failure due VOL. 23, 2010 BLASTOMYCOSIS 377
on October 26, 2017 by guest http://cmr.asm.org/ to ARDS, other organ failure, or hemodynamic instability. The preferred initial therapy for these patients is conventional amphotericin B at 0.7 to 1.0 mg/kg of body weight per day or lipid amphotericin B at 3 to 5 mg/kg per day for 1 to 2 weeks or until clinical improvement occurs (27) . Thereafter, therapy is switched to itraconazole as described for patients with milder disease. Patients with severe extrapulmonary blastomycosis should be treated for at least 12 months (27) . Corticosteroids have been given to patients with ARDS, with apparent success in two cases (69) .
Central Nervous System Blastomycosis
Lipid amphotericin B at a dose of 5 mg/kg per day for 4 to 6 weeks should be given to patients with disseminated extrapulmonary blastomycosis that involves the CNS (27) . Lipid amphotericin B is preferred in this situation because it is less likely than conventional amphotericin B to cause significant adverse events over the prolonged course of therapy that is required. In addition, data from an animal model suggest that liposomal amphotericin B achieves a greater concentration in the CNS than conventional amphotericin B (56) . After the 4-to 6-week course of lipid amphotericin B is completed, an azole is given for at least 12 months and until objective evidence of active CNS infection (e.g., abnormality of cerebrospinal fluid or mass lesion) is no longer present. There is uncertainty regarding the optimal azole to use as step-down therapy for CNS blastomycosis. Itraconazole has better intrinsic activity against B. dermatitidis than fluconazole, but fluconazole penetrates better into the CNS than itraconazole. Voriconazole possesses both of these important characteristics (intrinsic activity and capability for CNS penetration), but clinical experience with this agent in patients with blastomycosis is limited (49) . Itraconazole at 200 mg twice or thrice per day, fluconazole at 800 mg per day, and voriconazole at 200 to 400 mg twice per day are options for step-down therapy (27) . Azoles should not be used as initial therapy for patients with CNS blastomycosis.
Blastomycosis in Special Hosts
Immunocompromised. The preferred treatment of blastomycosis for immunocompromised patients, including solid organ and stem cell recipients, those with AIDS, and those taking glucocorticoids chronically, is similar to that described above for patients with severe disease. That is, initial therapy in this patient population should be conventional or lipid amphotericin B for 1 to 2 weeks or until there is clinical improvement; thereafter, a switch to itraconazole should be made (27) . The total duration of therapy should be at least 12 months but is usually longer for patients with ongoing immunosuppression; in some cases, this translates to lifelong chronic suppressive therapy. For AIDS patients who complete 12 months of antifungal therapy and attain a CD4 T-lymphocyte count above 150 cells/l for at least 6 months while taking highly active antiretroviral therapy, it is reasonable to consider discontinuation of azole therapy. This suggestion is based upon the experience with disseminated histoplasmosis in the population with AIDS (55).
Pregnancy. There are few reports of blastomycosis during pregnancy (72, 101) . Treatment in this setting has 2 goals: to cure the patient and to prevent transplacental transmission of infection to the fetus. Systemic azoles, which have teratogenic potential, are contraindicated during pregnancy. The IDSA guidelines recommend lipid amphotericin B at a dose of 3 to 5 mg/kg/day for pregnant women with blastomycosis (27) .
Pediatric. Although blastomycosis is not commonly diagnosed in children, when it does occur, the clinical spectrum of disease resembles that which occurs in adults (110) . Therapy in the pediatric population is similar to that which is recommended for adults. Children are more likely than adults to tolerate conventional amphotericin B, so there may be less need to use lipid amphotericin B. Itraconazole should be given to children at a dose of 10 mg/kg per day, up to a maximum of 400 mg per day.
PREVENTION
There are no data upon which to base recommendations pertaining to avoidance of exposure to B. dermatitidis. The disease is uncommon, even in areas in which the disease is endemic, and there is nothing to suggest that modifying individual behavior would change the incidence of the blastomycosis (20) . A vaccine to prevent blastomycosis is not available.
